Proteolytic processing and polarized secretion of tartrate-resistant acid phosphatase is altered in a subpopulation of metaphyseal osteoclasts in cathepsin K-deficient mice.
Tartrate-resistant acid phosphatase (TRAP) is an enzyme highly expressed in osteoclasts and thought to participate in osteoclast-mediated bone turnover. Cathepsin K (Ctsk) is the major collagenolytic cysteine proteinase expressed in osteoclasts and has recently been shown to be able to proteolytically process and activate TRAP in vitro. In this study, 4-week-old Ctsk(-/-) mice were analysed for TRAP expression at the mRNA, protein and enzyme activity levels to delineate a role of cathepsin K in TRAP processing in osteoclasts in vivo. The absence of cathepsin K in osteoclasts was associated with increased expression of TRAP mRNA, monomeric TRAP protein and total TRAP activity. Proteolytic processing of TRAP was not abolished but prematurely arrested at an intermediate stage without changing enzyme activity, a finding confirmed with RANKL-differentiated osteoclast-like cell line RAW264.7 treated with the cysteine proteinase inhibitor E-64. Thus, the increase in total TRAP activity was mainly due to increased cellular content of monomeric TRAP. The increase in monomeric TRAP expression was more pronounced in osteoclasts of the distal compared to the proximal part of the metaphyseal trabecular bone, suggesting a site-dependent role for cathepsin K in TRAP processing. Moreover, intracellular localization of monomeric TRAP was altered in distal metaphyseal osteoclasts from Ctsk(-/-) mice. Additionally, TRAP was secreted into the ruffled border as the processed form in osteoclasts of Ctsk(-/-) mice, unlike in osteoclasts from wild-type mice which secreted TRAP to the resorption lacuna as the monomeric form. The results demonstrate that cathepsin K is not only involved in proteolytic processing but also affects the intracellular trafficking of TRAP, particularly in osteoclasts of the distal metaphysis. However, contribution by other yet unidentified protease(s) to TRAP processing must also be invoked since proteolytic cleavage of TRAP is not abolished in Ctsk(-/-) mice. Importantly, this study highlights functional differences between bone-resorbing clasts within the trabecular metaphyseal bone, suggesting potentially important differences in the regulation of differentiation and activation depending on the precise anatomical localization of the clast population.